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1
FUEL INJECTION SYSTEM

BACKGROUND AND SUMMARY

The present invention relates to a fuel injection system for
an internal combustion engine.

The present mvention concerns fuel mjection systems of
internal combustion engines, 1n particular systems for injec-
tion of fuel directly into combustion cylinders of compression
1gnition engines. In particular, it concerns fuel injection sys-
tems featuring a control valve for pressure relief in the nozzle
of the injector. Such solutions are typically applied 1n com-
mon rail injection systems for preventing a leakage of fuel
through the closed nozzle, which 1s otherwise difficult to
avold when using low viscosity fuels such as DME.

An example of such a prior art system 1s shown 1n FIG. 1.
In that system, there are automatic 1solating valves for pre-
venting leakage of fuel through the closed nozzles from the
tuel supply system to the engine combustion chambers during
system standby on a non-operating engine. By joining the
return lines of a set of the injectors mto a common line and
then connecting that common line to the 1solating valve, the
total number of the isolating valves 1s kept low. There 1s
however a disadvantage 1n this design which 1s the relatively
big number of hydraulic connection ports 1n the 1njector.

Another disadvantage is a relatively big dead volume of the
1solating valve which 1s added to the high-pressure volume
confined between the control valve 10 and the nozzle 11. The
bigger that dead volume, the bigger 1s the control leakage and
the worse controllability due to delays associated with build-
ing up and relieving pressure 1n that volume.

In another example of a prior art system shown 1n FIG. 2,
the number of connection ports 1n the 1mnjector 1s reduced from
three to two, but at the expense of the increased number of the
automatic 1solating valves, two per 1njector.

A bigger number of either the hydraulic connection ports
and/or 1solating valves deteriorates reliability of the system
and increases 1ts cost. The present mnvention 1s mntended to
improve reliability, reduce cost, improve controllability and
reduce leakage of the prior art systems.

Another 1ssue with the prior art systems 1s a relative diffi-
culty in controlling the nozzle opening pressure (NOP). It can
be controlled by means of a pressure regulator installed
between the spring chambers of the set of imjectors and the
return conduit, as shown i FI1G. 3, which again implies three
connection ports per injector. By providing a relatively large
volume of the nozzle spring chamber, 1t 1s 1n principle pos-
sible to eliminate the NOP control port and have a pressure
regulator connected between the return line and the return
conduit as shown 1n FIG. 4, but in that case the NOP control
1s complicated by diflerences 1n the leakages along the nozzle
needle guides of different injector samples, the influence of
the residual pressure on the nozzle closing pressure and leak-
age past the closed nozzle, and 1s besides relatively slow-
acting. The present invention also oflers means of improving
the NOP control 1n such tuel injection systems.

It 1s desirable to provide a fuel injection system with
reduced complexity, improved energy eificiency and better
controllability of injection rate.

The fuel 1njection system according to an aspect of the
present invention incorporates a fuel tank, a feed pump and
associated components forming a low-pressure system, and a
high-pressure pump delivering fuel under pressure into a
common rail, which supplies pressurised fuel to all injectors
of a multi-cylinder engine. A first automatic 1solating valve 1s
installed between the common rail and the 1njector, which
incorporates a three-way electrically operated pilot valve that
controls a hydraulically operated valve positioned between
the common rail and a nozzle, and an electrically operated,
two-way, normally open spill valve positioned between the
outlet of the hydraulically operated valve and a return line.
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The nozzle has a needle that 1s biased by a return spring
towards closing the nozzle. The return spring 1s installed 1n a
spring chamber which, 11 pressurised, can assist the spring 1n
biasing the needle towards nozzle closing. The spring cham-
ber, the outlet of the pilot valve and the outlet of the spill valve
are connected to an 1njector return line.

The return lines of the mjectors are joined together 1nto a
single return conduit, which 1s connected via a second auto-
matic 1solating valve to the low-pressure system. A restriction
1s placed between the return line of each injector and the
return conduit.

Installing the first automatic isolating valve between the
common rail and the 1njector instead of installing 1t between
the outlet of the hydraulically operated valve and the nozzle,
as 1n the prior art systems, allows to reduce the dead volume
upstream of the nozzle, which 1s drained between the 1njec-
tions, and by this means improve controllability and increase
hydraulic efficiency of the injection system. Another advan-
tage of this 1s a simplified design, improved reliability and
reduced cost of the fuel mnjection system, because the injector
can have only two connection ports, high pressure and return,
and at the same time the total number of automatic 1solating
valves can be kept to a mimimum equal to the number of
injectors plus one. In prior art systems, the total number of the
automatic 1solating valves should be double the number of
injectors 1f the latter have two ports. Otherwise, 11 a common
automatic 1solating valve 1s used in the return conduit of a
prior art system, the number of ports on the injector must be
increased to three.

Placing a restriction between the return line and the return
conduit makes the fuel injection system adapted for control of
the nozzle opening pressure, which can also be exercised
individually for each injector and 1njection cycle and does not

require additional pressure regulator as 1n the prior art sys-
tems.

BRIEF DESCRIPTION OF THE DRAWINGS

The mnvention will be further described 1n the following, 1n
a non-limiting way with reference to the accompanying draw-
ings i which:

FIGS. 1-4 1llustrate various designs of prior art systems;

FIGS. 5, 6 and 7 are schematic representations of different
embodiments of the invention.

DETAILED DESCRIPTION

In the preferred embodiment shown in FIG. 5, the fuel
injection system according to present mnvention mcorporates
a fTuel tank 1, a feed pump 2, an 1solating valve 3 and other
associated components (not shown) forming a low-pressure
system 4, and a high-pressure pump 3 delivering fuel under
pressure mto a common rail 6, which supplies pressurised
tuel to all injectors 7 of a multi-cylinder engine (not shown).
A first automatic 1solating valve 8 1s installed between the
common rail 6 and the injector 7, which latter one incorpo-
rates a three-way electrically operated pilot valve 9 that con-
trols a hydraulically operated valve 10 positioned between the
common rail and a nozzle 11, and an electrically operated,
two-way, normally open spill valve 12 positioned between the
outlet of the hydraulically operated valve 10 and a return line
13. The nozzle 11 has a needle 14 that 1s biased by a return
spring 15 towards closing the nozzle. The return spring 1s
installed 1n a spring chamber 16 which, 1f pressurised, can
assist the spring 15 1n biasing the needle 14 towards nozzle
closing. The spring chamber 16, the outlet of the pilot valve 9
and the outlet of the spill valve 12 are connected to the return

line 13.

The return lines 13 of the injectors are joined together 1nto
a common return conduit 17, which 1s connected via a second
automatic 1solating valve 18 to the low-pressure system 4. A
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restriction 19 1s placed between the return line 13 of each
injector and the return conduit 17. An engine management
system (EMS) 20 controls the valves 9 and 12.

The hydraulically operated valve 10 preferably has a pre-
cision-matched stem and forms an outlet chamber 22 and a
control chamber 23, and 1s preferably biased towards its
closed position by a resilient means 24. The control chamber
23 of the valve 10 can be connected by the three-way pilot
valve 9 to either the common rail 6 or the return line 13,
depending on commands from the EMS 20.

The automatic 1solating valves 8, 18 are designed such that,
once the valve 1s open, the area of the valve that 1s exposed to
the pressure of the fuel 1s suificiently big to hold the valve
open against the force of the valve’s return spring when the
pressure in the valve 1s anywhere from slightly below the feed
pressure 1n the system or above that level. In case of engine
being stopped and the feed pressure falling below a predeter-
mined level, the automatic 1solating valve closes and the area
of the valve exposed to the pressure upstream of the valve
becomes relatively small, such that a pressure above the feed
pressure level 1s required to re-open the automatic 1solating,
valve. The design of such a valve 1s known in the art and 1s
disclosed, for example, 1n the U.S. Pat. No. 6,189,517 B1.

Referring to FIG. 5, the tuel injection system according to
the present invention works as follows: In a no-injection state
but with the engine running, there 1s feed pressure down-
stream of the low-pressure system 4 and 1n the return conduit
17; the high-pressure pump pressurizes the fuel to a certain
level and maintains that level in the commonrail 6. The valves
9 and 12 are not activated by the EMS 20. The three-way pilot
valve 9, 1n 1ts de-activated position, connects the common rail
6 to the control chamber 23 of the hydraulically operated
valve 10. The pressure from the common rail, combined with
the force of the resilient means 24, holds the valve 10 1n its
closed position. The spill valve 12 1s open, connecting the
outlet of the hydraulically operated valve 10 to the return line
13 and the return conduit 17 via the restriction 19. The auto-
matic i1solating valves 8, 18 are open, and pressure in the
nozzle 11 equals pressure 1n the return conduit17. The nozzle
1s closed by the needle return spring 15 and the force of the
pressure in the spring chamber 16 acting on the needle 14.

To begin an 1njection, the EMS applies a control current to
the pilot valve 9, which disconnects the control chamber 23 of
the hydraulically operated valve 10 from the common rail 6
and connects it to the outlet of spill valve 12 and the 1nlet of
the restriction 19. The pressure 1n the control chamber 23 falls
and allows the common rail pressure acting on the valve from
the outlet chamber 22 to open the valve 10 against the force of
the resilient means 24. If a low-nozzle opening pressure 1s
required, the EMS closes the spill valve 12 at about the same
time, so that the fuel pressure at the inlet of the restriction 19,
and therefore 1n the return line 13 and the spring chamber 16
of the nozzle 11, does not build up whilst i1t increases on the
inlet side of the nozzle 11 and eventually opens the nozzle by
lifting the needle 14 against the low pressure in the spring
chamber 16 and the force of the return spring 15. If a higher
nozzle opening pressure 1s required, the EMS applies control
current to the spill valve 12 after a delay, allowing the tuel
from the common rail to tlow past the opeming hydraulically
operated valve 10 to build up pressure on both sides of the
closed needle 14. When this pressure reaches a required level,
the spill valve 12 gets closed by the EMS and the pressure on
the back of the needle 14 1s relieved to the return line 13, such
that nozzle 11 opens and 1njection begins.

To terminate the mjection, the EMS de-activates the pilot
valve 9, which then disconnects the control chamber 23 from
the return line 13 and connects it back to the common rail. The
pressure in the control chamber 23 rises and, together with the
resilient means 24, forces the valve 10 down towards the
closed position. During the closing period of valve 10 and
corresponding reduction of its flow area, the fuel continues to
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be 1njected from the open nozzle and the pressure in the
nozzle falls until the return spring 15 moves the needle 14
down and closes the nozzle. Then the EMS de-activates and
opens the spill valve 12 to relieve the nozzle of the residual
pressure which can otherwise leak past the closed nozzle into
the engine. Thus the system returns to its nitial position as
depicted by FIG. 1.

In case an 1njection with a quicker ending 1s required, the
EMS opens the spill valve 12 before the nozzle 11 has been
closed and while there 1s still a relatively high pressure
upstream of the nozzle. This, because of the restriction 19,
provides a surge of pressure 1n the return line 13 and 1n the
spring chamber 16, which assists 1n closing the nozzle
quicker.

When the engine 1s stopped, the pressure 1in the common
rail can be reduced by, for example, activating the pilot valve
9 while keeping the spill valve 12 open, which essentially
drains the fuel back to the low-pressure system. This leads to
a reduction of pressure 1n the automatic 1solating valves 8, 18
which then close and thereby prevent fuel from leaking
through closed nozzles into the engine. This 1s because the
valves 8, 18 1n this case separate the relatively large volumes
of common rail and associated components that may contain
any residual pressure, from the nozzles.

In FIG. 6, an alternative embodiment of the invention 1s
shown, 1n which the outlet of the pilot valve 9 1s connected to
the return conduit 17, bypassing the restriction 19. This
allows making the control of the hydraulically operated valve
10 less dependent of the NOP control.

In FIG. 7, another alternative embodiment of the invention
1s shown, 1n which the outlet of the spill valve 12 1s connected
to the return conduit 17 and the outlet of the pilot valve 9 1s
connected to the return line 13. In such an embodiment, the
NOP 1s directly intluenced by the operation of the pilot valve
only.

The invention 1s not lmmited to the above-described
embodiments, but several modifications are possible within
the scope of the following claims.

The invention claimed 1s:

1. A fuel mjection system for an internal combustion
engine, comprising an engine management system (20), a
return conduit connected to a low-pressure fuel system, and a
common rail for storing and supplying a relatively high-
pressure fuel to injectors, each of the injectors having a nozzle
for injecting fuel into the engine, a valve installed between the
common rail and the nozzle, a spill valve connected by 1ts
inlet to the outlet of the valve and by 1ts outlet to the return
conduit, wherein a first automatic 1solating valve 1s installed
between the common rail and the injector and a second auto-
matic 1solating valve 1s installed between the return conduit
and the low-pressure fuel system.

2. A fuel injection system according to claim 1, wherein the
return conduit 1s common for the set of mjectors of a multi-
cylinder engine.

3. A fuel injection system according to claim 1, wherein the
nozzle has a needle which 1s biased towards closing the
nozzle by a force of pressure 1n a spring chamber, and that
there 1s a return line connected to the outlet of the spill valve
and to the inlet of a restriction, the outlet of the restriction
being connected to the return conduit, wherein the spring
chamber 1s connected to the return line.

4. A fuel injection system according to claim 3, wherein
there 1s a pilot valve that 1s operable by the EMS to control the
position of the valve, wherein the outlet of the pilot valve 1s
connected to the return line.

5. A fuel injection system according to claim 4, wherein the
outlet of the pilot valve 1s connected to the return conduit.

6. A fuel injection system according to claim 4, wherein the
outlet of the spill valve 1s connected to the return conduat.
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